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It is based on a technique for nuclear transfer first reported in the
frog, Rana pipiens (Briggs and King, 1952). Nuclear transplantation
involves the transfer of a nucleus or blastomere from a valuable em-
bryo into a suitably receptive enucleated oocyte. After the reconsti-
tuted egg develops to a multicellular stage, it can be cloned again.
Theoretically, large numbers of identical individuals could be pro-
duced using this method. Survival rates are still low, however, and
the process has only been done through three generations.

For conservation it is important to retain as much genetic diver-
sity as possible, which is accomplished by storing unrelated geno-
types. Cloning does not increase the amount of genetic diversity;
rather, it enables evaluation of stored samples without reducing the
amount of diversity still preserved. It can also be used to provide a
back-up collection or samples for multiple users. Clones would be of
value, for example, in testing genetically identical individuals across
different environments.

In any stock, live or cryopreserved, cloning would allow the imme-
diate commercial exploitation of identified superior genotypes. Cloning
has two drawbacks, however. First, only embryos have been cloned
thus far, so duplicate (or multiple) frozen embryos must be retained
until the clone has been evaluated for economic merit and then re-
generated and multiplied. Second, the clone itself has no genetic
variation and cannot be improved further. For continuous genetic
improvement, the best clones would have to be mated to obtain new
genetic combinations for another round of clonal selection.

Determining Sex

It is not yet possible to separate X-chromosome-bearing (female)
and Y-chromosome-bearing (male) sperm and maintain normal sperm
viability. Some progress has been made through flow cytometry, a
method for rapidly measuring cells, based on the difference in the
DNA content of X and Y sperm (Gledhill et al., 1982; Pinkel et al.,
1985). Flow cytometric procedures can also be used for sorting sperm
cells to produce samples enriched in X or Y sperm (Johnson et al.,
1987). These sorted samples have been used successfully to produce
live offspring (Johnson et al., 1989). The sex of embryos can be deter-
mined cytogenically from 3 or 4 cells taken at the 16- to 32-cell stage.
More recently, male-specific antigen has been used to determine sex
in embryos from the 16-cell to early blastocyst (100-cell) stages. DNA
probes have been used to determine sex at all stages, and are avail-
able commercially in Australia, France, and the United States (Herr et
al., 1990; Nibart et al., 1992).